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INTRODUCTION
The Exobiology Program, within the Office of Space Science
of the National Aeronautics and Space Administration, is the
first and only integrated program to methodically investigate
the planetary events which may have been responsible for, or
related to, the origin, evolution, and distribution of life in
the universe. Research supported by this program is divided
into the areas listed below:
Chemical Evolution: The non-biological synthesis of
biologically significant organic molecules under condi-
tions presumed to have existed on the primitive earth
or any primitive planet before the advent of life.
Organic Geochemistry: Analysis of ancient terrestrial
rocks for organic molecules and inclusions of biological
origin. The development of techniques for the isolation
of organic matter and distinguishing organic matter of
biological origin from that of non-biological origin.
Origin and Evolution of Life: Studies of the origin of
essential life processes and systems including the
nucleic acid and protein biopolymers, genetic information
transfer, energy collection mechanisms, and cellular and
sub-cellular structures. Understanding the evolution of
primitive microbial ecologies.
Planetary Environments: Research dealing with characteri-
zation of microorganisms capable of surviving and/or
growing in extreme conditions approaching those of plane-
tary environments, development of methodologies and
techniques for detection and characterization of life-
related molecules in extraterrestrial environments, and
development of methods for determination of planetary
environmental characteristics important for chemical
evolution processes.
Life in the Universe: Research and analysis in three distinct
but related areas relevant to life in the universe: forms,
abundances and reactivity of the biogenic elements; effect
of planetary, solar and astrophysical phenomena on evolution
of complex life; and search for extraterrestrial intelligent
life by detection of signals in the microwave region of the
spectrum.
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Planetary Protection: Environmental protection of
planets of biological interest against potential
harmful contamination from terrestrial sources, which
might occur during the course of future exploration,
following explicit guidelines established for each
planet, as well as protection of the Earth from hazards
posed by returned sample missions.
Mars Data Analysis: Research directed toward simula-
tion and interpretation of data from the Mars Viking
Landers' organic analysis and biology instruments.
To develop models for the unusual reactivity exhibited
by the Martian soil.
The arrangement of references in this bibliography follows
the division of research described above. Articles are listed
alphabetically by author under the research area with which
they are most closely related. Only those publications which
resulted from research supported by the Exobiology Program and
which bear a 1980 publication date have been included. Abstracts,
theses, contractor reports, and oral presentations are not
included because of their preliminary nature or the frequent
difficulty in obtaining them.
Our intent in compiling this bibliography is twofold.
First, we would like to provide the scientific community with
an annual listing, which began in 1975, of current publications
resulting from research pursued under the auspices of NASA's
Exobiology Program. Secondly, we hope to stimulate the exchange
of information and ideas among scientists working in the
different areas of the program. To facilitate the exchange
process, we have identified for each publication, by asterisk,
the author participating in the program. Current addresses
for all principal investigators are given in the Appendix.
We wish to thank all the participants of the Exobiology
Program for their cooperative response to our request for a
listing of their 1980 publications.
Chemical Evolution
Blair, N.E. and Bonnet*, W.A.: 1980, 'Experiments on the
Amplification of Optical Activity', Origins of Life i0,
255-263.
Blair, N.E. and Bonner*, W.A.: 1980, 'Quantitative Determina-
tion of D _ L Mixtures of Optical Enantiomers by Gas
Chromatography', Journal of Chromatography 198, 185-187.
Blair, N.E. and Bonner*, W.A.: 1980, 'The Radiolysis of Tryp-
tophan and Leucine with 32p B-Radiation', Journal of
Molecular Evolution 15, 21-28.
Bonner*, W.A., Blair, N.E., and Lemmon, R.M.: 1980, 'The Radio-
racemization of Amino Acids by Ionizing Radiation: Geo-
chemical and Cosmochemical Implications', in Biogeochemis-
try of Amino Acids (ed. by P.E. Hare, T.C. Hoering, and
K. King, Jr.), John Wiley & Sons, New York, pp. 357-374.
Cronin*, J.R., Gandy, W.E., and Pizzarello, S.: 1980, 'Amino
Acids of the Murchison Meteorite', in Biogeochemistry of
Amino Acids (ed. by P.E. Hare, T.C. Hoering, and K. King,
Jr.), John Wiley & Sons, New York, pp. 153-168.
Davis, D.D., Smith, G.R., and Guillory*, D.A.: 1980, 'Infrared-
Laser Photolysis: A New Tool to the Study of Prebiotic
Chemistry', Origins of Life i0, 237-245.
Deamer, D.W. and Oro*, J.: 1980, 'Role of Lipids in Prebiotic
Structures', BioSystems 12, 167-175.
Ferris*, J.P. and Benson, R.: 1980, 'Diphosphine is an Inter-
mediate in the Photolysis of Phosphine to Phosphorus and
Hydrogen', Nature 285, 156-157.
Gibbs, D., Lohrmann, R., and Orgel*, L.E.: 1980, 'Template-
Directed Synthesis and Selective Adsorption of oligoadeny-
lates on Hydroxyapatite', Journal of Molecular Evolution
15, 347-354.
Holzer, G., Oro*, J., Smith, S.J., and Doctor, V.M.: 1980,
'Separation of Monosaccharides as Their Alditol Acetates
by Capillary Column Gas-Liquid Chromatography', Journal
of Chromatography 194, 410-415.
Jewett, D. and Lawless*, J.G.: 1980, 'Formate Esters of 1,2-
Ethanediol: Major Decomposition Products of p-Dioxane
During Storage', Bulletin of Environmental Contamination
and Toxicology 25, 118-121.
Jewett, D. and Lawless*, J.G.: 1980, 'A Simple Apparatus for
the Upward Slurry Packing of HPLC Columns' Journal of
High Resolution Chromatography & Chromatography Communica-
tions 3, 647-648.
Khare, B.N. and Sagan*, C.: 1980, 'Cosmic Dust Synthesized in
Reducing Environments', in Solid Particles in the Solar
System (ed. by I. Halliday and B.A. McIntosh), International
Astronomical Union, Paris, France, pp. 355-356.
Lahav, N and White I
• , D.H.: 1980, 'A Possible Role of Fluctuating
Clay-Water Systems in the Production of Ordered Prebiotic
Oligomers', Journal of Molecular Evolution 16, 11-21•
Lawless*, J.G.: 1980, 'Organic Compounds in Meteorites', in
COSPAR Life Sciences and Space Research, Vol. XVIII (ed. by
R. Holmquist), Pergamon Press, New York, pp. 19-27.
Lohrmann, R., Bridson, P.K., and Orgel*, L.E.: 1980, 'Efficient
Metal-Ion Catalyzed Template-Directed Oligonucleotide
Synthesis' Science 208, 1464-1465, o
Lohrmann, R. and Orgel*, L.E.: 1980, 'Efficient Catalysis of
Polycytidylic Acid-Directed Oligoguanylate Formation by
Pb2+', Journal of Molecular Biology 142, 555-567.
Mizutani, H. and Ponnamperuma*, C.: 1980, 'The Evolution of
the Protein Synthesis System• II. From Chemical Evolution
to Biological Evolution', Origins of Life i0, 31-38•
Negron-Mendoza, A., Graff, R.L., and Ponnamperuma*, C. : 1980,
'y-Irradiation of Malic Acid in Aqueous Solutions', Origins
of Life i0, 335-341.
Oro*, J.: 1980, 'L'Origen de la Vida a la Terra' in Els Planetesf
Comparats (ed. by J. Or6, J.C. Verges, and J.A. Plana
Castellvi), Centre Mediterrani d'Investigaci6 i Desenvolupa-
ment, Barcelona, pp. 57-71.
Oro*, J.: 1980, 'Prebiological Synthesis of Organic Molecules
and the Origin of Life', in The Origins of Life and Evolu-
tion (ed. by H.O. Halvorson and K.E. Van Holde), Alan R.
Liss, New York, pp. 47-63. (MBL Lectures in Biology, Vol. i)
Or6*,J., Holzer, G., and Lazcano-Araujo, A.: 1980, 'The Contri-
bution of Cometary Volatiles to the Primitive Earth' in
COSPAR Life Sciences and Space Research, Vol. XVIII _ed. by
R. Holmquist), Pergamon Press, New York, pp. 67-82.
IS. Chang, Principal Investigator
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Or6*, J. and Nooner, D.: 1980, 'Cosmochemical and Geochemical
Applications of Mass Spectrometry', in Mass Spectrometry:
A Contemporary Introduction (ed. by B.S. Middleditch),
Plenum, New York, pp. 327-359.
Pleasant, L.G. and DeVincenzi*, D.L.: 1980, Publications of
the Exobiology Program for 1979: A Special Bibliography,
National Aeronautics and Space Administration, Washington,
D.C. (NASA Technical Memorandum 82182)
Pleasant, L.G. and Ponnamperuma*, C.: 1980, 'Chemical Evolution
and the Origin of Life: Bibliography Supplement 1977',
Origins of Life 10,'69-87.
Pleasant, L.G. and Ponnamperuma*, C.: 1980, 'Chemical Evolution
and the Origin of Life: Bibliography Supplement 1978',
Origins of Life i0, 379-404.
Rao, M., Odom, D.G., and Or6*, J.: 1980, 'Clays in Prebiologi-
cal Chemistry', Journal of Molecular Evolution 15, 317-331.
Raulin, F., Price, P., and Ponnamperuma*, C.: 1980, 'Analysis
of Volatile Amines', American Laboratory 121(10), 45-51.
Shimoyama, A. and Ponnamperuma*, C.: 1980, 'Adsorption of Some
Amino Acids on Na-Montmorillonite: Implication of the
!
Adsorption for Chemical EvolutionC, in Biogeochemistry ofAmino Acids (ed. by P.E. Hare, T. . Hoering, and K. King,
Jr.), John Wiley & Sons, New York, pp. 145-151.
Warren, J.A., Smith, G.R., and Guillory*, W.A.: 1980, 'The
Infrared Spectrum of Matrix Isolated Hydrogen and Deuterium',
Journal of Chemical Physics 72, 4901-4908.
White I, D.H.: 1980, 'A Theory for the Origin of a Self-Repli-
cating Chemical System. I: Natural Selection of the Auto-
gen From Short, Random Oligomers', Journal of Molecular
Evolution 16, 121-147.
White, D.H. and Erickson I, J.C.: 1980, 'Catalysis of Peptide
Bond Formation by Histidyl-Histidine in a Fluctuating Clay
Environment', Journal of Molecular Evolution 16, 279-290.
iChang, S., Principal Investigator
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Organic Geochemistry
Boon, J.J., Rijpstra, W.I.C., De Leeuw, J.W., and Burlingame*,
A.L.: 1980, 'The Occurrence of Triglycerides in Namibian
Shelf Diatomaceous Ooze', Geochimica et Cosmochimica Acta
44, 131-134.
Brassell, S.C., Comet, P.A., Eglinton, G., McEvoy, J., Maxwell,
J.R., Quirke, J.M.E., and Volkman I, J.K.: 1980, 'Preliminary
Lipid Analyses of Cores 14, 18, and 28 From Deep Sea Drill-
ing Project Hole 416A', in Initial Reports of the Deep Sea
Drilling Project, Vol. 50 (ed. by Y. Lancelot, E.L. Winterer,
et al.), U.S. Government Printing Office, Washington, D.C.,
pp. 647-664.
Brown, S., Baillie, T.A., and Burlingame*, A.L.: 1980, 'Analy-
tical Approaches to the Investigation of Kerogen Structure
by Mass Spectometric Techniques', in Advances in Organic
Geochemistry, 1979, Proceedings of the 9th International
Meeting, University of Newcastle-upon-Tyne, September 1979
(ed. by A.G. Douglas and J.R. Maxwell), Pergamon Press,
New York, pp. 475-484. (Physics and Chemistry of the Earth,
Vol. 12).
Claypool, G.E., Holser, W.T., Kaplan*, I.R., Sakai, H., and
Zak, I.: 1980, 'The Age Curves of Sulfur and Oxygen Iso-
topes in Marine Sulfate and Their Mutual Interpretation',
Chemical Geology 28, 199-260.
Des Marais*, D.J.: 1980, 'The Organic Geochemical Record in
Ancient Sediments and the Early Evolution of Life: A Short
Summary', in The Origins of Life and Evolution (ed. by
H.O. Halvorson and K.E. Van Holde), Alan R. Liss, New
York, pp. 19-29. (MBL Lectures in Biology, Vol. i).
Des Marais*, D.J., Mitchell, J.M., Meinschein, W.G., and Hayes*,
J.M.: 1980, 'The Carbon Isotope Biogeochemistry of the
Individual Hydrocarbons in Bat Guano and the Ecology of
the Insectivorous Bats in the Region of Carlsbad, New Mexi-
co', Geochimica et Cosmochimica Acta 44, 2075-2086.
Edmunds, K.L.H., Brassell, S.C., and Eglinton I, G.: 1980, 'The
Short-Term Diagenetic Fate of 5e-Cholestan-3_-ol: In Situ
Radiolabelled Incubations in Algal Mats', in Advances in
Organic Geochemistry, 1979, Proceedings of the 9th Inter-
national Meeting, University of Newcastle-upon-Tyne,
September 1979 (ed. by A.G. Douglas and J.R. Maxwell),
Pergamon Press, New York, pp. 427-434. (Physics and Chemis-
try of the Earth, Vol. 12).
IM. Calvin and A.L. Burlingame, Co-Principal Investigators
Eglinton, G., Hajibrahim, S.K., Hax_gell,J.R., and Quirke I,
J.M.E.: 1980, 'Petroporphyrins: Structural Elucidation
and the Application of HPLC Fingerprinting to Geochemical
Problems', in Advances in Organic Geochemistry, 1979,
Proceedings of the 9th International Meeting, University
of Newcastle-upon-Tyne, September 1979 (ed. by A.G. Douglas
and J.R. Maxwell), Pergamon Press, New York, pp. 193-203.
(Physics and Chemistry of the Earth, Vol. 12).
Karkhanis, S.N., Goodwin, A.N., and Ponnamperuma*, C.: 1980,
'Paleobiology and Organic Geochemistry of Archean Helen
Iron Formation, Michipicoten Area', Journal of the Geolo-
gical Society of India 21(1), 1-9.
Mackenzie, A.S., Patience, R.L., Maxwel!, J.R., Vandenbroucke,
M., and Durand I, B.: 1980, 'Molecular Parameters of Matura-
tion in the Toarcian Shales, Paris Basin, France. I. Changes
in the Configurations of Acyclic Isoprenoid Alkanes,
Steranes and Triterpanes', Geochimica et Cosmochimica Acta
44, 1709-1721.
Mackenzie, A.S., Quirke, J.M.E., and Maxwell I, J.R.: 1980,
'Molecular Parameters of Maturation in the Toarcian Shales,
Paris Basin, France. II. Evolution of Metalloporphyrins',
in Advances in Organic Geochemistry, 1979, Proceedings of
the 9th International Meeting, University of Newcastle-
upon-Tyne, September 1979 (ed. by A.G. Douglas and J.R.
Maxwell), Pergamon Press, New York, pp. 239-248. (Physics
and Chemistry of the Earth, Vol. 12).
Monson, K.D. and Hayes*, J.M.: 1980, 'Biosynthetic Control of
the Natural Abundance of Carbon 13 at Specific Positions
within Fatty Acids in Escherichia coli: Evidence Regarding
the Coupling of Fatty Acid and Phospholipid Synthesis',
Journal of Biological Chemistry 255(23), 11435-11441.
Nagy*, B.: 1980, 'Gold and Uranium Mineralization in Organic
Matter, Vaal Reef Carbon Seams, Witwatersrand Supergroup',
in The Geochemistry of Organic Matter in Ore Deposits,
Carnegie Institution of Washington, Geophysical Laboratory,
Washington, D.C,, pp. 97-99.
Nagy*, L.A.: 1980, 'Manganese Precipitating Organisms: Could
They Have Existed Since the Precambrian?', in The Geo-
chemistry of Organic Matter in Ore Deposits, Carnegle
Institution of Washington, Geophysical Laboratory, Wash-
ington, D.C., pp. 100-102.
iM. Calvin and A.L. Burlingame, Co-Principal Investigators
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Patience, R.L., Yon, D.A., Ryback, G., and Maxwell I, J.R.:
1980, 'Acyclic Isoprenoid Alkanes and Geochemical Matura-
tion', in Advances in Organic Geochemistry, 1979, Proceed-
ings of the 9th International Meeting, University of New-
castle-upon-Tyne, September 1979 (ed. by A.G. Douglas and
J.R. Maxwell), Pergamon Press, New York, pp. 287-293.
(Physics and Chemistry of the Earth, Vol. 12).
Peters, K.E., Rohrback, B.G., and Kaplan*, I.R.: 1980, 'Labora-
tory-Simulated Thermal Maturation of Recent Sediments',
in Advances in Organic Geochemistry, 1979, Proceedings of
the 9th International Meeting, University of Newcastle-
upon-Tyne, September 1979 (ed. by A.G. Douglas and J.R.
Maxwell), Pergamon Press, New York, pp. 547-557. (Physics
and Chemistry of the Earth, Vol. 12).
Quirk, M.M., Wardroper, A.M.K., Brooks, P.W., Wheatley, R.E.,
and Maxwell I, J.R.: 1980, 'Transformations of Acyclic and
Cyclic Isoprenoids in Recent Sedimentary Environments' l
Colloques Internationaux du Centre National de la Recherche
Scientifique No. 293, 225-232.
Quirke, J.M.E., Shaw, G.J., Soper, P.D., and Maxwell I J.R.:F
1980, 'Petroporphyrins. II. The Presence of Porphyrins
With Extended Alkyl Substituents', Tetrahedron 36, 3261-3267.
Smith*, G.G. and de Sol, B.S.: 1980, 'Racemization of Amino
Acids in Dipeptides Shows COOH > NH2 for Non-Sterically
Hindered Residues', Science 207, 765-767.
Smith*, G.G. and Evans, R.E.: 1980, 'The Effect of Structure
and Conditions on the Rate of Racemization of Free and
Bound Amino Acids', in Biogeochemistry of Amino Acids
(ed. by P.E. Hare, T.C. Hoering, and K. King, Jr.), John
Wiley & Sons, New York, pp. 257-281.
Smith*, G.G. and Wonnacott, D.M.: 1980, 'A Convenient, Rapid
Method for the Resolution of Enantiomeric Amino Acids
Using Chiral Phases on Stainless-Steel Capillary Gas
Chromatographic Columns', Analytical Biochemistry 109,
414-420.
Smith*, G.G. and Wonnacott, D.M.: 1980, 'The Resolution of
Enantiomeric Amino Acids by Gas Chromatography', in Bio-
geochemistry of Amino Acids (ed. by P.E. Hare, T.C. Hoering,
and K. King, Jr.), John Wiley & Sons, New York, pp. 203-214.
IM. Calvin and A.L. Burlingame, Co-Principal Investigators
Strother, P.K. and Barghoorn*, E.S.: 1980, 'Microspheres From
Swartkoppie Formation: A Review', in The Origins of Life
and Evolution (ed. by H.O. Halvorson and K.E. Van Holde),
Alan R. Liss, New York, pp. 1-18. (MBL Lectures in Biology,
vol. i).
Taylor, J., Wardroper, A.M.K., and Maxwell I, J.R.: 1980,
'Extended Hopane Derivatives in Sediments: Identification
by IH NMR', Tetrahedron Letters 21, 655-656.
Vogler, E.A. and Hayes*, J.M.: 1980, 'Carbon Isotopic Composi-
tions of Carboxyl Groups of Biosynthesized Fatty Acids',
in Advances in Orqanic Geochemistry, 1979, Proceedings of
the 9th International Meeting, University of Newcastle-
upon-Tyne, September 1979 (ed. by A.G. Douglas and J.R.
Maxwell), Pergamon Press, New York, pp. 697-704. (Physics
and Chemistry of the Earth, Vol. 12).
Warnke, D.A., Blunt, D.J., and Pollock*, G.E.: 1980, 'Enantio-
meric Ratios of Amino Acids in Southern-Ocean Siliceous
Oozes', in Biogeochemistry of Amino Acids (ed. by P.E. Hare,
T.C. Hoering, and K. King, Jr.), John Wiley & Sons, New
York, pp. 183-189.
Zak, I., Sakai, H., and Kaplan*, I.R.: 1980, 'Factors Control-
ling the 180/I_0 and 34S/32S Isotope Ratios of Ocean Sul-
fates, Evaporites and Interstitial Sulfates From Modern
Deep Sea Sediments', in Isotope Marine Chemistry (ed. by
E.D. Goldberg, Y. Horibe, and K. Saruhashi), Uchida Rokakuho
Publishing Co. Tokyo, Japan, pp. 339-373.
Zumberge, J.E., Engel, M.H., and Nagy*, B.: 1980, 'Amino Acids
in Bristlecone-Pine: An Evaluation of Factors Affecting
Racemization Rates and Paleothermometry', in Biogeochemistry
of Amino Acids (ed. by P.E. Hare, T.C. Hoering, and K. King,
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IM. Calvin and A.L. Burlingame, Co-Principal Investigators
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Origin and Evolution of Life
Bogomolni, R.A., Baker, R.A., Lozier, R.H., and Stoeckenius*,
W.: 1980, 'Action Spectrum and Quantum Efficiency for
Proton Pumping in Halobacterium halobium', Biochemistry
19, 2152-2159.
Brooks, B.W., Murray, R.G.E., Johnson, J.L., Stackebrandt, E.,
Woese*, C.R., and Fox*, G.E.: 1980, 'Red-Pigmented Micro-
cocci: A Basis for Taxonomy', International Journal of
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Stoeckenius*, W.: 1980, 'Light-Dark Adaptation of Bacterior-
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Crawford, J.L., Kolpak, F.J., Wang, A.H.-J., Quigley, G.J.,
Van Boom, J.H., Van der Marel, G., and Rich*, A.: 1980,
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Double Helix', Proceedings of the National Academy of
Sciences USA 77(7), 4016-4020.
Dayhoff*, M.O. and Schwartz, R.M.: 1980, 'Early Biological
Evolution Derived From Chemical Structures', in Biological
Chemistry of Organelle Formation (ed. by Th. Bucher,
W. Sebald, and H. Weiss), Springer-Verlag, New York,
pp. 71-86.
Dayhoff*, M.O. and Schwartz, R.M.: 1980, 'Prokaryote Evolution
and the Symbiotic Origin of Eukaryotes', in Endocytobiology:
Endosymbiosis and Cell Biology (ed. by W. Schwemmler and
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Egan, J.T. and MacElroy*, R.D.: 1980, 'Interactive Display of
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Programs in Biomedicine 12(2/3), 203-211.
Fox*, G.E., Stackebrandt, E., Hespell, R.B., Gibson*, J.,
Maniloff, J., Dyer, T.A., Wolfe, R.S., Balch, W.E., Tanner,
R.S., Magrum, L.J., Zablen, L.B., Blakemore, R., Gupta, R.,
Bonen, L., Lewis, B.J., Stahl, D.A., Luehrsen, K.R., Chen,
K.N., and Woese*, C.R.: 1980, 'The Phylogeny of Prokaryotes',
Science 209, 457-463.
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Life?' in Biomolecular Structure, Conformation, Function
and Evolution, Vol. 2: Physico-Chemical and Theoretical
Studies (ed. by R. Srinivasan), Pergamon Press, New York,
pp. 643-646.
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York, pp. 97-102. (MBL Lectures in Biology, Vol. i)
Gupta, R. and Woese*, C.R.: 1980, 'Unusual Modification Patterns
in the Transfer Ribonucleic Acids of Archaebacteria',
Current Microbiology 4, 245-249.
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Halvorson*, H.O. and Van Holde, K.E. (eds.): 1980, The Origins
of Life and Evolution, Proceedings of a Symposium, Marine
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1979, Alan R. Liss, New York. (MBL Lectures in Biology,
vol. i)
Holmquist I, R.: 1980, 'Evolutionary Analysis of e and B Hemo-
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Schoenborn, B.P.: 1980, 'Location of the Chromophore in
Bacteriorhodopsin' Proceedings of the National Academy
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Kristjansson, H. and Ponnamperuma*, C.: 1980, 'Purification
and Properties of Malate Dehydrogenase From the Extreme
Thermophile Bacillus caldolyticus', Origins of Life 10,
185-192.
iJukes, T.H., Principal Investigator
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